Blood specimens collected for culture by using the high-volume resin-based BACTEC system over an 18-month A final point of investigation addresses the efficacy of aerobic versus anaerobic incubation. Routine inclusion of anaerobic bottles in blood cultures has been demonstrated to be inferior in overall yield to exclusive use of aerobic bottles except in select circumstances (6, 9, 10, 17) .
Blood specimens collected for culture by using the high-volume resin-based BACTEC system over an 18-month (6, 9, 10, 17) .
With the previous discussion in mind, the present study addresses a number of aspects related to blood culture yield: namely, the specific effects of volume cultured in excess of 20 ml, the number of serial cultures obtained, and changes in periodicity between serial cultures.
Blood cultures obtained at the Seattle Veterans Administration Medical Center during the 18-month period from 1 January 1990 to 30 June 1991 were examined. Culture media, incubation, and testing were performed with the BACT7EC system by Johnston Laboratories. BACIEC 26 and 27 series (10-ml high-volume resin-containing) culture bottles were used throughout. Bottles were tested on the BACT7EC 660 infrared detection system. House officers and nurses were instructed to obtain 20 ml of blood per culture, dividing this volume equally in 10-ml aliquots into one aerobic (BACT7EC 26) and one anaerobic (BACFEC 27) bottle. Volume control was achieved by means of intensive in-service education on proper culturedrawing technique and visual inspection of bottles delivered to the laboratory. Halfway through the study, house officers and nurses were instructed to obtain an additional 10 (4) . A total of 7,783 blood cultures from 1,477 patients were obtained and examined during this study: 5,251 in 1990 and 2,532 in 1991. Of these, 859 cultures from 427 patients grew microorganisms, for an overall positive rate of 11%. Of these, 235 cultures from 196 patients were identified as contaminated and 624 cultures from 231 patients were identified as true positives, giving an overall contaminant rate of 3% and an overall true-positive rate of 8%. Coagulase-negative staphylococci accounted for 81% of contaminant cultures. Of the 178 true-positive culture results obtained in 1991, 1 result alone was attributed to transient bacteremia and the remainder were deemed significant.
As shown in Table 1 , an increase from 20 to 40 ml of blood drawn simultaneously and divided equally between aerobic and anaerobic incubation significantly increased yield by 19%. A second 20-ml blood culture set obtained at any time within 24 h of the initial set significantly increased yield by 20%. Similar increases in yield were obtained regardless of whether the second set was taken immediately, within 2 h, or within 24 h of the initial set. (To confirm this point, the difference between these similar increases was found to be statistically insignificant.) Finally, adding a third 20-ml culture set within 24 h of the initial two sets significantly increased yield by 10%.
Two conclusions are evident. The first is simple confirmation of previous studies: the more blood cultured, the better the yield. The observations of this study, however, reflect cumulative culture volumes larger than previously studied or, for that matter, routinely obtained in most hospitals. Furthermore, as no plateau in yield was observed, it can be surmised that studies of further increases in culture volume may divulge still further increases in yield.
The second conclusion addresses the efficacy of serial cultures and the optimal periodicity of these cultures. Within a 24-h period, the data presented here show no significant difference in yield between multiple cultures obtained simultaneously or those obtained at intervals. Within this period, increased yields appear to be a sole function of the overall volume of blood cultured. The value of serial cultures for improving detection of transient bacteremias is also questioned by the observation that such bacteremias appear to be relatively uncommon: 0.6% in this study. A recent study surveying U.S. microbiology laboratories showed widespread inadequacy in obtaining optimal volumes of blood for culture, even when a volume as low as 5 ml per culture was considered sufficient (8) . This follows repeated studies (2, 3, (12) (13) (14) (15) (16) showing that yield is largely volume dependent. The results presented in this study demonstrate that volumes of cultured blood still larger than previously studied return the best yields. They further demonstrate that during the 24-h period following an initial culture, the exact time interval between subsequent cultures is not important. Given these findings, serial timing of culture draws could be deemphasized and further education of optimum technique could be focused on the importance of obtaining adequately large amounts of blood for culture.
